EP 3 308 917 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 308 917 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
18.04.2018 Bulletin 2018/16

(21) Application number: 17192536.5

(22) Date of filing: 22.09.2017

(51) IntClL:

B28B 1/00 (20007
B28B 1/52 (200607
B32B 13/02 (200607
E04C 2/04 (200607
E04C 2/32 (200609

B28B 1/50 (2006.01)
B28B 7/00 (2006.01)
B32B 13/04 (2006.01)
E04C 2/06 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 28.09.2016 JP 2016189695
28.09.2016 JP 2016189722

(71) Applicant: Nichiha Corporation
Nagoya-shi,
Aichi 455-8550 (JP)

(72) Inventors:

* IKEDA, Satoshi
Nagoya-shi, Aichi 455-8550 (JP)
¢ KOSASA, Yoshinobu
Nagoya-shi, Aichi 455-8550 (JP)

(74) Representative: Isarpatent

Patent- und Rechtsanwailte Behnisch Barth
Charles

Hassa Peckmann & Partner mbB
Friedrichstrasse 31

80801 Miinchen (DE)

(54) BUILDING MATERIAL AND METHOD FOR PRODUCING BUILDING MATERIAL

(57)  Provided is a building material (10) that is light-

weight, exhibits excellentformability, and is inhibited from

being damaged during transportation, and a method for
producing the same. Specifically, provided is a method

for producing a building material (10), including: a first

step of curing a core layer (1) material including a hy-
draulic material, a silica-containing material, and an alu-
minum powder, to react the aluminum powder and form
bubbles, and incompletely hardening the hydraulic ma-
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terial and the silica-containing material, to form a foamed
core layer (1); a second step of dispersing a surface layer
(2) material including a hydraulic material, and a sili-
ca-containing material, to form an unfoamed surface lay-
er (2); a third step of stacking the foamed core layer (1)
on the unfoamed surface layer (2), to form a stack includ-
ing the unfoamed surface layer (2) and the foamed core
layer (1); and a fourth step of pressing and curing the
stack, and a building material produced therewith.
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EP 3 308 917 A1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to a building material and a method for producing the building material.
2. Description of the Related Art

[0002] A ceramic siding board, a metal siding board, and ALC board (Autoclaved Lightweight aerated Concrete), and
the like are used as building materials constituting an exterior wall or an interior wall of a building. Among these, the
ceramic siding board is a building material for which an inorganic material such as a wood cement board, a cement
excelsior board, a pulp fiber cement board, a wood chip cement calcium silicate board, a wood fiber cement calcium
silicate board, or the like is used, and is excellent in terms of surface design.

[0003] Here, JP 2009-242189A describes a wood cement board composed of three layers, namely, a surface layer,
a core layer, and a back layer, each of the layers being composed of a hydraulic material, a silica-containing material,
and a wood reinforcement, and having an average specific gravity of 1.1 or more.

[0004] ThewoodcementboarddescribedinJP 2009-242189A has acute-angled and clear projections and depressions
on its surface, and thus an effect of exhibiting excellent formability can be achieved. As used herein, "formability" means
the ability to favorably form a pattern including projections and recesses such as an embossed pattern on the surface
of the surface layer.

[0005] Meanwhile, JP S59-156705A describes a lightweight, thick-hardened product, which is an extrusion-molded
article that has been reduced in weight by using a lightweight aggregate.

SUMMARY OF THE INVENTION

[0006] Although the wood cement board described in JP 2009-242189A has the advantage of exhibiting excellent
formability, its average specific gravity is 1.1 or more. In view of the workability and transportability when installing
currently used wood cement boards, there is a need to further reduce weight.

[0007] Meanwhile, the lightweight, thick-hardened product described in JP S59-156705A has the advantage of being
able to be produced with good productivity at a low price. However, there is a demand for a new production method that
can replace production methods using a lightweight aggregate.

[0008] The present invention has been made in view of the above-described problems, and it is an object of the
invention to provide a building material that is lightweight and exhibits excellent formability, and a method for producing
the same.

[0009] The present invention relates to a method for producing a building material, including: a first step of curing a
core layer material including a hydraulic material, a silica-containing material, and an aluminum powder to form a foamed
core layer, the aluminum powder reacting and forming bubbles, and the hydraulic material and the silica-containing
material being incompletely hardened; a second step of dispersing a surface layer material including a hydraulic material,
and a silica-containing material, to form an unfoamed surface layer; a third step of stacking the foamed core layer on
the unfoamed surface layer, to form a stack including the unfoamed surface layer and the foamed core layer; and a
fourth step of pressing and curing the stack.

[0010] The present disclosure also provides a building material including: a foamed core layer including a hydraulic
material, a silica-containing material, and bubbles formed by reaction of an aluminum powder; and an unfoamed surface
layer including a hydraulic material and a silica-containing material, the unfoamed surface layer being provided on the
foamed core layer.

[0011] The present disclosure further provides a building material including: a foamed core layer including a hydraulic
material, a silica-containing material, and bubbles formed by reaction of an aluminum powder; an unfoamed surface
layer including a hydraulic material, a silica-containing material, and a reinforcement, the unfoamed surface layer being
provided on the foamed core layer; and an unfoamed back layer including a hydraulic material, a silica-containing
material, and a reinforcement, the unfoamed back layer being provided under the foamed core layer.

[0012] In order to attain the above-described object, a method for producing a building material according to a first
aspect includes a first step of curing a core layer material including a hydraulic material, a silica-containing material, and
an aluminum powder to form a foamed core layer, the aluminum powder reacting and forming bubbles, and the hydraulic
material and the silica-containing material being incompletely hardened; a second step of dispersing a surface layer
material including a hydraulic material, and a silica-containing material, to form an unfoamed surface layer; a third step
of stacking the foamed core layer on the unfoamed surface layer, to form a stack including the unfoamed surface layer
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and the foamed core layer; and a fourth step of pressing and curing the stack.

[0013] With the production method according to the first aspect, a building material that is lightweight because of the
foamed core layer and exhibits excellent formability because of the unfoamed surface layer is produced.

[0014] In particular, at the time of pressing the stack, the foamed core layer is incompletely hardened by curing,
whereas the unfoamed surface layer has not been cured. Therefore, the core layer is harder than the surface layer, and
is less likely to be crushed. Accordingly, the resulting building material is lighter than a commonly used building material
having the same thickness, such as a cement board.

[0015] In addition, the foamed core layer is in an incomplete hardened state. Accordingly, a building material with
excellent adhesion between the layers is produced by forming a stack and then pressing and curing the stack.

[0016] Furthermore, a surface layer material including a hydraulic material, and a silica-containing material is dispersed
to form an unfoamed surface layer, thus forming an unfoamed surface layer that has no bubbles and is denser than the
foamed core layer. Consequently, a pattern including projections and recesses is favorably formed through pressing,
achieving excellent formability.

[0017] Note that the incomplete hardening in the first step means a state in which the hardening of the foamed core
layer has advanced to a certain degree that allows the foamed core layer to be transported onto the unfoamed surface
layer, and further curing causes hardening to further advance.

[0018] As the hydraulic material, it is possible to use, for example, cement, slag, gypsum, or the like. As the silica-
containing material, it is possible to use, for example, fly ash, fly ash balloon, silica sand, diatomaceous earth, silica
fumes, or the like.

[0019] Examples of curing include natural curing, steam curing, and autoclave curing. Only one of these methods may
be performed, or two or more of these methods may be performed.

[0020] Examples of pressing include roll pressing, filter pressing, and stack pressing. Only one of these may be
performed, or two or more of these may be performed.

[0021] In a method for producing a building material according to a second aspect, in the second step, the surface
layer material is dispersed on a template having a pattern including projections and recesses punched from the back.
[0022] With the method for producing a building material according to the second aspect, the surface layer material
is dispersed on a template having a pattern including projections and recesses punched from the back, thus favorably
forming the pattern including projections and recesses on the surface of the unfoamed surface layer and producing a
building material with excellent design.

[0023] In a method for producing a building material according to a third aspect, in the second step, the unfoamed
surface layer is pressed.

[0024] With the method for producing a building material according to the third aspect, before stacking the foamed
core layer, the unfoamed surface layer is pressed in advance in the second step, to stack the foamed core layer, and
is pressed again in the fourth step. Accordingly, in the resulting building material, only the unfoamed surface layer is
pressed twice. Therefore, the production method achieves an even more dense surface layer and excellent formability.
[0025] In a method for producing a building material according to a fourth aspect, in the second step, the surface layer
material includes a reinforcement.

[0026] Itis possible to use pulp, wood meal, wood flake, synthetic fiber, or the like as the reinforcement.

[0027] With the method for producing a building material according to the fourth aspect, a surface layer material
including a hydraulic material, a silica-containing material, and a reinforcement s dispersed to form an unfoamed surface
layer, thus reinforcing the surface of the produced building material. For example, the building material has increased
flexibility, and thus is less likely to be damaged.

[0028] In a method for producing a building material according to a fifth aspect, the third step further includes a step
of dispersing, on the foamed core layer, a back layer material including a hydraulic material, a silica-containing material,
and a reinforcement, to form an unfoamed back layer.

[0029] With the method for producing a building material according to the fifth aspect, a back layer material including
a hydraulic material, a silica-containing material, and a reinforcement is dispersed to form an unfoamed back layer, thus
reinforcing the back surface of the produced building material. For example, when the building material is transported
by two operators holding end portions in the longitudinal direction, there is concern that cracking will occur as result of
a tensile stress being generated in the vicinity of the center of the building material. However, with the building material
according to the fifth aspect, the building material has increased flexibility and thus is less likely to be damaged
[0030] A building material according to a sixth aspect includes a foamed core layer including a hydraulic material, a
silica-containing material, and bubbles formed by reaction of an aluminum powder; and an unfoamed surface layer
including a hydraulic material and a silica-containing material, the unfoamed surface layer being provided on the foamed
core layer.

[0031] With the building material according to the sixth aspect, weight reduction of the building material is achieved
by a structure in which the unfoamed surface layer is stacked on the foamed core layer including bubbles formed by the
reaction of an aluminum powder.
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[0032] Further, since the unfoamed surface layer including a hydraulic material and a silica-containing material is
formed on the surface of the foamed core layer, an unfoamed surface layer that has no bubbles and is denser than the
foamed core layer is present, thus achieving excellent formability.

[0033] In a building material according to a seventh aspect, the unfoamed surface layer includes a reinforcement.
[0034] With the building material according to the seventh aspect, the surface of the building material is reinforced by
a reinforcement. For example, the building material has increased flexibility and is less likely to be damaged

[0035] In a building material according to an eighth aspect, the reinforcement is at least one selected from pulp, wood
meal, wood flake, and synthetic fiber.

[0036] The building material according to the eighth aspect is preferable in that the building material has increased
flexibility and is inhibited from being damaged.

[0037] In a building material according to a ninth aspect, the foamed core layer has a thickness larger than a thickness
of the unfoamed surface layer.

[0038] With the building material according to the ninth aspect, the foamed core layer having a large number of bubbles
is the thickest among the layers constituting the building material, thus achieving further weight reduction.

[0039] A building material according to a tenth aspect includes a foamed core layer including a hydraulic material, a
silica-containing material, and bubbles formed by reaction of an aluminum powder; an unfoamed surface layer including
a hydraulic material, a silica-containing material, and a reinforcement, the unfoamed surface layer being provided on
the foamed core layer; and an unfoamed back layer including a hydraulic material, a silica-containing material, and a
reinforcement, the unfoamed back layer being provided under the foamed core layer.

[0040] With the building material according to the tenth aspect, weight reduction of the building material is achieved
by a structure in which the unfoamed surface layer is stacked on the foamed core layer including bubbles formed by the
reaction of an aluminum powder.

[0041] Further, since the unfoamed surface layer including a hydraulic material, a silica-containing material, and a
reinforcement is formed on the surface of the foamed core layer, an unfoamed surface layer that has no bubbles and is
denser than the foamed core layer is present, thus achieving excellent formability.

[0042] Since the unfoamed back layer is formed on the back surface of the foamed core layer, the building material
is reinforced, achieving an effect of inhibiting damage during transportation.

[0043] Here, to attach the building material to another building material that is adjacent thereto, projecting portions
called shiplap portions may be provided on the surface side of a side end portion of the building material and the back
surface side of the side end portion. Since the building material according to the tenth aspect includes dense unfoamed
layers on both the surface side and the back surface side, it is possible to form shiplap portions having sufficient strength.
[0044] In a building material according to a eleventh aspect, the foamed core layer has a thickness that is largest
among thicknesses of the layers constituting the building material, and the unfoamed back layer has a thickness greater
than or equal to a thickness of the unfoamed surface layer.

[0045] With the building material according to the eleventh aspect, the foamed core layer is thicker than the unfoamed
surface layer and the unfoamed back layer, so that the foamed core layer having a large number of bubbles is the thickest
among the layers constituting the building material, thus achieving further weight reduction. Furthermore, the unfoamed
back layer has a thickness greater than or equal to the thickness of the unfoamed surface layer, so that cracking is even
more less likely to occur in the unfoamed back layer, further increasing the effect of inhibiting damage during transpor-
tation.

[0046] In a building material according to a twelfth aspect, a ratio of a mass of the unfoamed surface layer: a mass of
the foamed core layer: a mass of the unfoamed back layer is 10 to 20:45 to 70:15 to 45.

[0047] With the building material according to the twelfth aspect, the ratio of the masses of the unfoamed surface
layer, the foamed core layer, and the unfoamed back layer are within the above-described numerical value range, and
therefore, it is possible to provide a building material that is lightweight, exhibits excellent formability, and provides an
excellent effect of inhibiting damage during transportation.

[0048] With a building material and a method for producing the building material according to the present invention,
a building material that is lightweight and exhibits excellent formability is provided by producing a building material having
a structure in which an unfoamed surface layer is stacked onto a foamed core layer including bubbles formed therein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0049]

FIG. 1 is a vertical cross-sectional view of Embodiment 1 of a building material according to the present invention.
FIG. 2 is a vertical cross-sectional view of Embodiment 2 of a building material according to the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0050] Hereinafter, embodiments of a building material and a method for producing the same will be described with
reference to the drawings.

Embodiment 1 of building material

[0051] FIG. 1 is a cross-sectional view of Embodiment of a building material according to the present invention. A
building material 10 shown has a structure in which an unfoamed surface layer 2 is stacked onto a foamed core layer 1.
[0052] The foamed core layer 1 is made of a material including at least a hydraulic material such as cement, slag, or
gypsum; and a silica-containing material such as fly ash, fly ash balloon, silica sand, diatomaceous earth, and silica
fumes, and includes bubbles 1a therein formed by the reaction of an aluminum powder.

[0053] The unfoamed surface layer 2 is made of a material including a hydraulic material such as cement, slag, or
gypsum; a silica-containing material such as fly ash, fly ash balloon, silica sand, diatomaceous earth, or silica fumes;
and a reinforcement such as pulp, wood meal, wood flake, or synthetic fiber. Here, wood flakes are formed by cutting
wood into fine flakes, that have, for example, a particle diameter of about 2 to about 5 mm, and a thickness of about 1
to about 2 mm. In addition to these, one or more of an inorganic admixture such as mica, pearlite, bentonite, wollastonite,
pulp sludge ash, or biomass ash and an organic admixture such as acrylic resin, animal and vegetable fats and oils,
succinic acid-based resin, silicone resin, or silane-based resin may be blended as needed.

[0054] A patternincluding projections and recesses 2b is formed on the surface (the surface opposite from the foamed
core layer 1) of the unfoamed surface layer 2.

[0055] The planar shape of the building material 10 is rectangular, for example, and has a length in the longitudinal
direction of about 1.8 to about 3.0 m, and a length in the lateral direction of about 0.5 m, and has a thickness within the
range of about 14 to about 25 mm.

[0056] For the building material 10, the unfoamed surface layer 2 has a thickness t1, and the foamed core layer 1 has
a thickness t2.

[0057] The thickness t2 of the foamed core layer 1 is larger than the thickness t1 of the unfoamed surface layer 2.
Since the thickness t2 of the foamed core layer 1 including the bubbles 1a is the largest of the two component layers,
further weight reduction can be achieved.

[0058] Then, for the building material 10, the ratio of the mass of the unfoamed surface layer 2 and the mass of the
foamed core layer 1 is set to 10 to 45: 55 to 90.

[0059] The building material 10 is a building material that has a structure in which the unfoamed surface layer 2 is
stacked on the foamed core layer 1 containing a larger number of bubbles 1a, and for which a significant weight reduction
has been achieved.

[0060] Sincethe unfoamed surface layer 2 including a hydraulic material, silica-containing material, and a reinforcement
2a is formed on the surface of the foamed core layer 1, a surface layer that has no bubbles and is dense is achieved.
Accordingly, the building material 10 is a building material with a surface pattern such as a pattern including projections
and recesses favorably formed thereon and exhibits excellent formability.

Embodiment 2 of building material

[0061] FIG. 2 is a cross-sectional view of Embodiment 2 of a building material according to the present invention. A
building material 10A shown is different from the building material 10 in FIG. 1 in that a foamed core layer 1A is stacked
onto an unfoamed back layer 3A. The building material 10A has a structure in which an unfoamed surface layer 2A and
the unfoamed back layer 3A are formed on opposite sides of the foamed core layer 1A.

[0062] Thefoamed core layer 1A is made of the same materials as the foamed core layer 1 of FIG. 1, and the unfoamed
surface layer 2A is made of the same materials as the unfoamed surface layer 2 in FIG. 1.

[0063] The unfoamed back layer 3A is made of a material including a hydraulic material such as cement, slag, or
gypsum; and a silica-containing material such as fly ash, fly ash balloon, silica sand, diatomaceous earth, or silica fumes;
and a reinforcement such as pulp, wood meal, wood flake, or synthetic fiber. Here, wood flake is formed by cutting wood
into fine flakes, and, for example, has a particle diameter of about 2 to about 5 mm, and a thickness of about 1 to about
2 mm. In addition to these, one or more of an inorganic admixture such as mica, pearlite, bentonite, wollastonite, pulp
sludge ash, or biomass ash; and an organic admixture such as acrylic resin, animal and vegetable fats and oils, succinic
acid-based resin, silicone resin, or silane-based resin may be blended as needed.

[0064] A patternincluding projections and recesses 2b is formed on the surface (the surface opposite from the foamed
core layer 1A) of the unfoamed surface layer 2A.

[0065] The planar shape of the building material 10A is rectangular, for example, and has a length in the longitudinal
direction of about 1.8 to about 3.0 m, and a length in the lateral direction of about 0.5 m, and its thickness tA is within
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the rage of about 14 to about 25 mm.

[0066] In the building material 10A, the unfoamed surface layer 2A has a thickness t1A, the foamed core layer 1A has
a thickness t2A, and the unfoamed back layer 3A has a thickness t3A.

[0067] Then, the thickness t2A of the foamed core layer 1A is larger than the thickness t1A of the unfoamed surface
layer 2A and the thickness t3A of the unfoamed back layer 3A, and the thickness t3A of the unfoamed back layer 3A is
the same or larger than the thickness t1A of the unfoamed surface layer 2A. Accordingly, cracking is even more less
likely to occur in the unfoamed back layer 3A, and the damage inhibiting effect during transportation is even higher.
[0068] For the building material 10A, the ratio of the mass of the unfoamed surface layer 2A: the mass of the foamed
core layer 1A: the mass of the unfoamed back layer 3A is set to 10 to 20:45 to 70:15 to 45.

[0069] Here, to attach the building material 10A to another building material that is adjacent thereto, an upper shiplap
portion 2c is provided on the surface side of a side end portion of the building material 10A and a lower shiplap portion
3c is provided on the back surface side of the side end portion. The upper shiplap portion 2c and the lower shiplap
portion 3c are provided by pressing and curing the building material 10A, and subsequently cutting out portions of the
side end portion.

[0070] Since the unfoamed back layer 3A is formed on the back surface of the foamed core layer 1A of the building
material 10A, the flexibility of the building material 10A is increased. In general, building materials are transported, for
example, by a method in which the building material is transported by two operators holding end portions in the longitudinal
direction thereof. Since the flexibility of the building material 10A is increased by the unfoamed back layer 3A, the building
material 10A is inhibited from being damaged due to the occurrence of cracking as a result of a tensile stress being
generated in the vicinity of the center of the building material during transportation.

[0071] Thus, the unfoamed surface layer 2A and the unfoamed back layer 3A are made of the same materials, but
the unfoamed surface layer 2A contributes to the formability of the surface pattern including projections and recesses,
and the unfoamed back layer 3A contributes to good transportability provided by the flexibility of the building material 10A.
[0072] Since the thickness t2A of the foamed core layer 1A including the bubbles 1a is largest among the three layers
constituting the building material 10A, a further weight reduction can be achieved.

Production method of Embodiment 1 of building material

[0073] Next, a method for producing the building material 10 will be described. First, a core layer material including a
hydraulic material, a silica-containing material, and an aluminum powder is cured, to react the aluminum powder and
form bubbles, and incompletely harden the hydraulic material and the silica-containing material, to form a foamed core
layer 1 (first step).

[0074] The foamed core layer 1 is a hardened article, but is in an incomplete hardened state in which further curing
causes hardening to further advance. Accordingly, the foamed core layer 1 is caused to adhere to the unfoamed surface
layer 2 by being further cured in a subsequent step.

[0075] Examples of curing include steam curing and autoclave curing. The curing in the present step is curing in which
the core layer material is incompletely hardened. One example thereof is steam curing at 40 to 60°C for 3 to 10 hours.
[0076] Note thatthe present step may be performed simultaneously with or separately from a second step, which will
be described below.

[0077] Next, a surface layer material including a hydraulic material, a silica-containing material, and a reinforcement
is dispersed on a template having a pattern including projections and recesses punched from the back, to form an
unfoamed surface layer 2 (second step).

[0078] Here, the surface layer material may or may not be pressed after being dispersed, but pressing makes the
unfoamed surface layer 2 denser, and allows the pattern including projections and recesses 2b to be even more favorably
formed on the surface of the unfoamed surface layer 2.

[0079] Preferably, pressing in the second step is performed on the entire unfoamed surface layer 2. The pressing
pressure during pressing is not particularly limited, and pressing may be performed at 0.5 to 2.0 MPa, for example.
[0080] Next, the foamed core layer 1 is stacked on the unfoamed surface layer 2 formed in the second step, to form
a stack composed of the unfoamed surface layer 2 and the foamed core layer 1 (third step).

[0081] Finally, the stack is pressed and cured, to produce a building material 10 shown in FIG. 1 (fourth step).
[0082] Pressing is performed on the entire stack, and the pressing pressure is 0.5 to 1.0 MPa, for example.

[0083] Preferably, the pressing pressure in the fourth step is lower than the pressing pressure in the second step. This
allows the bubbles in the foamed core layer 1 to be favorably held so as to make the unfoamed surface layer 2 denser,
and makes the adhesion between the layers even more favorable in the cured building material 10.

[0084] Examples of curing include natural curing, steam curing, and autoclave curing. Autoclave curing can achieve
good adhesion between the foamed core layer 1 and the unfoamed surface layer 2. Autoclave curing after steam curing
can achieve better adhesion between the foamed core layer 1 and the unfoamed surface layer 2.
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Production method of Embodiment 2 of building material

[0085] Next, a method for producing the building material 10A will be described. Here, the first step and the second
step are the same as those in the production method of Embodiment 1.

[0086] Next, the foamed core layer 1A formed in the first step is stacked on the unfoamed surface layer 2A formed in
the second step (third step).

[0087] Next, a back layer material including a hydraulic material, a silica-containing material, and a reinforcement is
dispersed on the foamed core layer 1A, to form an unfoamed back layer 3A. Consequently, a stack composed of the
unfoamed surface layer 2A, the foamed core layer 1A, and the unfoamed back layer 3A is formed (fourth step).
[0088] Finally, the stack formed in the fourth step is pressed and cured, to produce a building material 10A as shown
in FIG. 2 (fifth step).

[0089] Pressing in the fifth step is performed on the entire stack. The pressing pressure is 0.5 to 1.0 MPa, for example.
[0090] Preferably, the pressing pressure during pressing in the fifth step is smaller than the pressing pressure during
pressing in the second step. This allows the bubbles in the foamed core layer 1A to be favorably held so as to make the
unfoamed surface layer 2A denser, and makes the adhesion between the layers of the cured building material 10A more
favorable.

[0091] Examples of curing include natural curing, steam curing, and autoclave curing. Autoclave curing achieve good
adhesion between the foamed core layer 1A and the unfoamed surface layer 2A, and good adhesion between the foamed
core layer 1A and the unfoamed back layer 3A. Autoclave curing after steam curing achieves better adhesion between
the foamed core layer 1A and the unfoamed surface layer 2A, and better adhesion between the foamed core layer 1A
and the unfoamed back layer 3A.

Experiment to verify lightweightness and formability, and results thereof

[0092] The present inventors produced building materials according to Samples 1 to 12, and verified the lightweight-
ness, formability, and transportability of each of the building materials.

[0093] The materials used to make the surface layer, the core layer, and the back layer, the mass ratio of the surface
layer, the core layer, and the back layer, and whether or not pressing was performed after dispersing the surface layer
material for each of the building materials are as shown in Table 1 below.

[0094] To produce each of the building materials, a surface layer material was dispersed on a template having a depth
of 4 mm and an inclination angle of 55 degrees and having a brick pattern punched from the back, to form a surface
layer. Then, a core layer was stacked on the surface layer. Then, a back layer material was dispersed on the core layer,
to form a back layer, which was stack-pressed at a pressure of 0.7 MPa, and then steam-cured at a temperature of 60°C
for 10 hours in the pressed state. Thereafter, the stack was cured in an autoclave at a pressure of 0.6 MPa and a
temperature of 165°C for 7 hours, to give 18 mm thick building materials according to Sample 1 to 8 and 10. Although
some of the building materials of Samples 9, 11, and 12 did not include the core layer, or the surface layer and the back
layer, all of these samples had a thickness of 18 mm, and the pressing conditions and the curing conditions were also
the same.

[0095] To form the core layer, a core layer material including a hydraulic material, a silica-containing material, and an
aluminum powder was kneaded with water (in an amount of 60 to 70% based on the solid content) with the lowest
temperature set to 20°C. After being sufficiently stirred, the resulting mixture was charged into a mold, and heated and
cured at about 40 to 60°C so as not to evaporate water, to form a core layer. The resulting core layer was released from
the mold, and moved and stacked on the surface layer.

[0096] For Samples 1 and 3 to 9in Table 1, the surface layer material was dispersed on the template, and thereafter
the entire surface layer was pressed at a pressure of 1.5 MPa, followed by stacking the core layer thereon. On the other
hand, for Samples 2 and 10, the surface layer material was dispersed on the template, and thereafter, the next step was
performed without performing pressing. Note that a crushed article of mica and remnants of a wood cement board was
used at a mass ratio of 7:5 as the inorganic admixture.

[0097] Table 1 below shows the ratios of the materials in the layers, the mass ratio of the surface layer, the core layer,
and the back layer, whether or not pressing was performed after dispersion of the surface layer material, along with the
verification results of the lightweightness and the formability.
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[0098] In Table 1, for the formability, the surface of each of the samples was visually observed, and the samples on
which a brick pattern of the template was expressed was evaluated to be "Good", the samples on which the brick pattern
was expressed, but nest-like holes were seen were evaluated to be "Fair", and the samples on which a brick pattern
was not expressed or the samples having a significant defect such as cracks were evaluated to be "Poor".

[0099] Table 1 shows that each of Samples 1 to 10 had a specific gravity of less than 1.0, thus achieving favorable
results for both the lightweightness and the formability. Note that Sample 2 was evaluated to be "Good" to "Fair" because
the brick pattern was expressed although some nest-like holes were seen in a part of the surface layer.

[0100] On the other hand, for Samples 11 and 12, Sample 11 had a specific gravity larger than 1.0 and thus was
unfavorable in terms of lightweightness, and Sample 12 exhibited poor formability.

[0101] Samples 1 to 12 were also evaluated for the transportability, and the results are shown in Table 1. As for the
transportability, with opposite ends in the longitudinal direction of each of the samples being held and raised 1 m above
the ground, each of the samples was transported by 10 m in the transverse direction. Subsequently, the state of each
of the samples was visually checked. The samples that had not undergone any change such as a damage were evaluated
to be "Good", and the samples that showed cracks or a damage were evaluated to be "Poor". Consequently, Samples
1 to 8 achieved favorable results for the transportability.

[0102] The results of the present experiment demonstrate that a preferable range of the ratio of the mass of the surface
layer: the mass of the core layer: and the mass of the back layer is 10 to 20:45 to 70:15 to 45 for a sample composed
of a surface layer including wood flake, a core layer including bubbles formed therein, and a back layer including wood
flake.

[0103] The results also demonstrate that a sample for which the surface layer material was dispersed on the template,
and thereafter the entire surface layer was pressed, followed by stacking the core layer thereon exhibits excellent
formability and is preferable.

[0104] Embodiments of the present invention have been described above in detail with reference to the drawings.
However, the specific configuration of the present invention is not limited to the embodiments, and design modifications
and the like made within a scope that does not depart from the spirit of the present invention are encompassed by the
present invention.

LIST OF REFERENCE NUMERALS

[0105]

1, 1A Foamed core layer

1a Bubbles

2, 2A Unfoamed surface layer
2a Reinforcement

2b Pattern including projections and recesses
3A Unfoamed back layer
3a Reinforcement

10, 10A  Building material

2c Upper shiplap portion
3c Lower shiplap portion
5,6 Cut portions

Claims

1. A method for producing a building material, comprising:

a first step of curing a core layer material including a hydraulic material, a silica-containing material, and an
aluminum powder to form a foamed core layer (1,1A), the aluminum powder reacting and forming bubbles (1a),
and the hydraulic material and the silica-containing material being incompletely hardened;

a second step of dispersing a surface layer material including a hydraulic material, and a silica-containing
material, to form an unfoamed surface layer (2,2A);

a third step of stacking the foamed core layer (1,1A) onto the unfoamed surface layer (2,2A), to form a stack
including the unfoamed surface layer (2,2A) and the foamed core layer (1,1A); and

a fourth step of pressing and curing the stack.

2. The method for producing a building material according to claim 1, wherein,

10
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in the second step, the surface layer material is dispersed on a template having a pattern including projections and
recesses punched from back.

The method for producing a building material according to claim 1 or 2, wherein,
in the second step, the unfoamed surface layer (2,2A) is pressed.

The method for producing a building material according to any one of claims 1, 2, and 3 wherein,
in the second step, the surface layer material includes a reinforcement (2a).

The method for producing a building material according to any one of claims 1, 2, 3, and 4, wherein
the third step further includes a step of dispersing, on the foamed core layer (1A), a back layer material including a
hydraulic material, a silica-containing material, and a reinforcement, to form an unfoamed back layer (3A).

A building material comprising:

a foamed core layer (1,1A) including a hydraulic material, a silica-containing material, and bubbles (1a) formed
by reaction of an aluminum powder; and

an unfoamed surface layer (2,2A) including a hydraulic material and a silica-containing material, the unfoamed
surface layer (2,2A) being provided on the foamed core layer (1,1A).

The building material according to claim 6, wherein
the unfoamed surface layer (2,2A) includes a reinforcement (2a).

The building material according to claim 7, wherein
the reinforcement is at least one selected from pulp, wood meal, wood flake, and synthetic fiber.

The building material according to any one of claims 6, 7, and 8, wherein
the foamed core layer (1,1A) is thicker than the unfoamed surface layer (2,2A).

The building material according to claim 7 or 8, wherein
an unfoamed back layer (3A) including a hydraulic material, a silica-containing material, and a reinforcement, the
unfoamed back layer (3A) being provided under the foamed core layer (1A).

The building material according to claim 10, wherein

the foamed core layer (1A) has a thickness that is the largest among thicknesses of the layers constituting the
building material, and the unfoamed back layer (3A) has a thickness greater than or equal to a thickness of the
unfoamed surface layer (2A).

The building material according to claim 10 or 11, wherein

a ratio of a mass of the unfoamed surface layer (2A): a mass of the foamed core layer (1A): a mass of the unfoamed
back layer (3A) is 10 to 20 : 4510 70 : 15 to 45.
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